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Abstrat
We analyse strangeness prodution in proton-
proton (pp) ollisions at SPS and RHIC en-
ergies, using the reently advaned NeXus ap-
proah. After having veried that the model
reprodues well the existing data, we interpret
the results: strangeness is suppressed in proton-
proton ollisions at SPS energy as ompared to
eletron-positron (e+e−) annihilation due to the
limited masses of the strings produed in the re-
ation, whereas high energy pp and e+e− ol-
lisions agree quantitatively. Thus strangeness
suppression at SPS energies is a onsequene of
the limited phase-spae available in string frag-
mentation.
1 Introdution
Strangeness enhanement in ultra-relativisti
nuleus-nuleus ollisions has been proposed as
a signal for the formation of a quark-gluon
plasma[1℄. At the SPS it has been observed
for example by the WA97 [2℄ ollaboration, and
the experiments of RHIC will ertainly analyse
strangeness is detail. When one talks about
strangeness enhanement one has rst to speify
the point of referene whih are usually proton-
proton reations. How meaningful is this point
of referene? In order to answer this question,
we analyse the strangeness prodution of proton-
proton ollisions at dierent energies as om-
pared to e+e−annihilation whih is rather energy
independent. This hoie is justied by the fat
that partile prodution seems to be universal in
all kinds of elementary high energy reations.
2 The neXus Model and the
Role of String Fragmenta-
tion
Before we start with an analysis of the physis of
multipliities of dierent hadrons we explain the
basi features of our approah (neXus) whih
desribes simultaneously high energy eletron-
positron annihilation and hadron-hadron sat-
tering. The details may be found in referene
[3℄.
The ommon feature between hadron-hadron
ollisions and eletron-positron annihilation is
the reation of strings whih nally produe ob-
servable hadrons. In the former ase the ex-
hange of a Pomeron leads to the formation of
two strings, in the latter a string is spanned be-
tween the quark-antiquark reated by the de-
ay of a virtual photon or a Z-boson. At low
energies the string just onsists of two partons
at the end-points, at higher energies perturba-
tive gluons appear in initial or nal state radi-
ation whih are mapped onto the string as the
so-alled kinks.
One a string is reated it evolves aording to
the Nambu-Goto Lagrangian for a lassial rel-
ativisti string. In order to produe hadrons we
use the area-law of Artru-Menessier. Here, the
probability of the string to break is proportional
to the invariant area swept over in Minkowski
spae. The breaking is then determined by one
parameter, the break probability. If it is small,
the string breaks at later times, produing less
but heavier fragments and vie-verse. Flavor
prodution is governed by two additional param-
eters, the probability to reate a strange quark-
antiquark pair (otherwise up or down pairs are
reated in equal frations) and the probability
to reate a diquark-antidiquark pair. The for-
mer therefore governs strangeness prodution,
the latter baryon prodution and the ombina-
tion of both rules the reation of hyperons. The
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Figure 1: Results for e+e− annihilation at 91.2
GeV ompared with data from the Opal ollab-
oration [4℄.
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Figure 2: Comparison of the model with data
for proton proton ollisions at
√
s = 19.4 GeV[5℄
and anti-proton-proton ollisions at
√
s = 200
GeV [6℄.
deay of strings an be seen as a longitudinal
(one dimensional) mirosopi phase spae de-
ay, therefore is is more diult to produe heav-
ier partiles than lighter ones.
In gure 1 we show partile yields of e+e− an-
nihilation from our model ompared with data
from the Opal ollaboration [4℄. The two pa-
rameters for strangeness and diquarks have been
adjusted to t these data, and the model is a-
pable to desribe a multitude of data. One an
onvine oneself in referene [3℄ that also event-
shapes and dierential spetra are reprodued
niely. The same model applied to hadron-
hadron ollisions gives the results shown in gure
2. Here we ompare two energies whih are lose
to the ones we are going to use for our analysis.
Furthermore we onsider only negatives or anti-
baryons as produed partiles, results for the
other partiles agree in a similar way with data.
We an onlude that for e+e−annihilation as
well as for pp and anti-proton-proton (pp¯) olli-
sions NeXus agrees with the experimentally ob-
served partile yields.
3 Interpretation of Results
We are now going to interpret the above-
mentioned results based on neXus alulations.
In gure 3 we showmultipliities of partiles pro-
dued in pp ollisions at 17.3 GeV (SPS) and
at 200 GeV (RHIC) as ompared with e+e− at
91.2 GeV. To aount for spin-degeneray we
divide the obtained multipliity by the fator
2j + 1. First of all one sees that the partile
yields fall roughly exponentially with the par-
tile mass. This is a simple phase-spae eet:
heavier partiles are more diult to produe.
Striking is the unexpeted similarity of pp at 200
GeV with e+e− at 91.2 GeV. As desribed above,
the formation of strings is quite dierent in pp
as ompared to e+e− reations. The spetra ob-
tained for 17.3 GeV is onsiderably steeper. We
see as well very little dierene between strange
and non strange hadrons, all fall on a ommon
urve.
This eet an be seen learer in gure 4,
where the multipliities are plotted normalized
to the ones of e+e−. The ratio for pp intera-
tions with respet to e+e− at RHIC energies is
lose to one. Only the heaviest partile - the
Omega - is slightly suppressed in pp. At SPS
energies the yields for pp ollisions show a om-
pletely dierent behavior: the ratio with respet
to e+e− falls o strongly as a funtion of the
mass.
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Figure 3: Partile yields of dierent reations
alulated with neXus.
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Figure 4: The multipliities of partiles normal-
ized to e+e− at 91.2 GeV. Proton-proton olli-
sions at 200 GeV are very similar to e+e−, at
17.3 GeV a suppression of heavier partiles is
notieable.
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Figure 5: The distribution of string masses for
two reations pp at 17.3 GeV and 200 GeV.
Where does this eet ome from? No new
physis enters between the two energies, with ex-
eption of the minijets whih are more abundant
at higher energies. But this inuenes only dif-
ferential spetra like that of transverse momenta
and not the relative abundane of partiles.
The answer beomes quite lear when we look
at the masses of the strings whih nally pro-
due the partiles. Figure 5 shows the distri-
bution
dn
dm
of string masses produed at the two
dierent energies. We leave out the ase of e+e−
sine here we have in most ases one string of
mass 91.2 GeV. Only if a quark-anti-quark pair
is produed during the nal state radiation, we
end up with more than one string. This proess
is however muh less important than gluon radi-
ation. In pp interations most of the strings have
still low masses, whih is a diret onsequene of
parton distribution funtions peaking at low x.
But the evolution of the tails is quite dierent.
Whereas at 17.3 GeV the distribution is steeply
falling with almost no strings at all above 10
GeV, the strings for pp at 200 GeV reah muh
higher masses.
More onlusive is gure 6 where we see the
orresponding umulative distributions, i.e. the
fration
F (m) =
∫m
0
dn
dm′
dm′
∫
∞
0
dn
dm′
dm′
of strings with masses below m. At 17.3 GeV
50% of strings are lighter than 1 GeV, at 200
GeV the fration is only 10%. Strings below 1
GeV annot produe any baryons. If we want to
reate a Ω given a s− d¯ string, we will nd in ad-
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Figure 6: Integrated string masses: Shown is the
relative fration of strings below a ertain mass
m. The line at 3 GeV shows the threshold for Ω
prodution.
dition a Ξ¯, sine we have to break the string with
the reation of a ss− s¯s¯ pair. Therefore the min-
imum mass is above 3 GeV in the best ase se-
nario, where one strange quark is already given
by the initial string. Consequently, it is hard to
reate Ω's at low beam energies sine only 10%
of the strings have the neessary mass, whereas
at RHIC-energies 70% of the strings ould kine-
matially produe Ω's.
4 Conlusions
We an onlude that the dierent masses
for the strings at the dierent beam energies
are responsible for a possible suppression of
heavy hadrons in pp ollisions as ompared to
e+e−annihilation. If the hadron mass is small as
ompared to the typial string energy the hadron
multipliity ratios reah asymptoti values. A
further inrease of the string energy leads only to
an overall inrease of the produed hadron mul-
tipliity leaving their relative ratio unhanged.
If the string mass beomes omparable to the
hadron masses, the prodution of these hadrons
are suppressed due to the very limited phase
spae available.
This explains why in thermal ts [7℄ a om-
mon onstant temperature has been found for
high energy pp¯ ollisions and e+e−annihilation.
The physial origin of this phenomenon has in
our model nothing to do with the formation of
a thermal system. Therefore it is premature to
identify this t parameter with a true temper-
ature. Employing a string fragmentation model
whih desribes the kinematial variables as well
the multipliities of partile speies in e+e−, pp
and pp¯ ollisions allows to interpret the results of
[7℄ in physial terms without touhing the laim
that data an be well tted using the funtional
forms of a grand anonial desription.
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